INTRODUCTION
Erectile dysfunction (ED) is defined as a persistent inability to attain and/or maintain an erection for satisfactory sexual intercourse (1) . ED can occur for a variety of reasons (2) (3) (4) . Typically, it can be classified as having a neurogenic, psychogenic, or endocrinologic basis. However, for the most part, reduction of penile blood supply is understood as the most basic mechanism of its development (5) .
Oral phosphodiesterase type 5 (PDE5) inhibitors are currently the most widely used drugs and are recommended in the guidelines of various medical associations as the standard initial treatment for ED (6, 7) . Since the development of sildenafil, several PDE5 inhibitors have been developed and used. Many comparative studies have been conducted on their efficacy, which is generally similar (8) . However, because the pharmacokinetic properties of each drug and the specificity for PDE5 isoenzyme differ slightly for each drug, it is also known that the efficacious time period after drug administration and their side effects also differ slightly (9) .
When avanafil was developed, it was expected to have a rapid onset time and high selectivity for PDE5. Avanafil is a potent PDE5 inhibitor with a Tmax of 30-45 minutes and a half-life of 3-5 hours (10, 11) . Avanafil is known to have a higher selectivity for PDE5 than other PDE5 inhibitors. This characteristic of avanafil differs from that of sildenafil, vardenafil, and tadalafil, which all involve some inhibitory activity on other PDE en-zymes (PDE1, PDE6, and PDE11) (10, 11) .
Avanafil also has advantages in terms of its rapid effects after administration. Because it is effective 15-30 minutes after ingestion, it eliminates the inconvenience of patients having to wait a considerable time before attempting sexual intercourse (12) . This will alleviate patients' concerns about time and is expected to have positive effects from a psychological point of view, further enhancing the drug's efficacy. Despite these advantages of avanafil, it is the most recently developed PDE5 inhibitor and still lacks comprehensive clinical support. Furthermore, most studies on avanafil have focused on the currently used doses of 100 and 200 mg, so data on the efficacy of 50 mg are lacking (13) . Therefore, we evaluated the safety and efficacy of all 3 dose levels of avanafil in Korean men with ED.
MATERIALS AND METHODS

Methods
Study design
The screening test for the suitability of each subject was performed at least 4 weeks before administration of the investigational product (visit 1). At visit 2, the International Index of Erectile Function (IIEF) (14) was evaluated and the subject's diary, given to each subject at the time of the screening visit, was collected and reviewed. To be enrolled, a subject must have had at least 4 sexual intercourse events, on separate days, and a failure rate over 50% (question 4). Randomization numbers were given to patients who were judged to be suitable for the study, and a 4-week supply of investigational product (avanafil 50, 100, or 200 mg, or placebo) was provided; they were provided with more product on a subsequent visit. Patients were instructed to take the investigational products for 8 weeks on an 'as needed' basis, -30 minutes prior to sexual intercourse, and not to exceed one dose per day during the trial. They were also advised to avoid excessive eating and drinking 2 hours before and 2 hours after taking the investigational product (Fig. 1A) . During the 8 week treatment period, patient tolerance and responses to the study drug were assessed by the investigator every 4 weeks (visits 3, 4). Patients who needed a follow-up visit due to safety issues visited the hospital 1 or 2 weeks after the post-therapy visit. Men with the following conditions were excluded from the study: spinal cord injury, radical prostatectomy, anatomical deformity of the penis, ED due to neurogenic or endocrine cause (e.g., hyperprolactinemia, low serum testosterone levels), uncontrolled major psychiatric disorder, significant neurological abnormalities, a history of alcoholism or substance abuse, hepatic dysfunction or renal dysfunction, uncontrollable diabetes, proliferative diabetic retinopathy, stroke, transient ischemic attacks, myocardial infarction, heart failure, unstable angina or fatal arrhythmia, serious hypotension (systolic blood pressure/ diastolic blood pressure [SBP/DBP] less than 90/50 mmHg in a sitting position), uncontrollable severe hypertension (SBP/DBP over 170/100 mmHg in a sitting position), hematological disorders, or a serious gastrointestinal (GI) bleeding disorder within 1 year. Subjects were also ineligible if they had been receiving regular treatment with nitrates, anticoagulants (except for lowdose aspirin), androgens, anti-androgens, inhibitor of cytochrome P450 3A4, anticancer chemotherapy, or trazodone. Patients with a history of an anaphylactic reaction to a PDE5 inhibitor, unsuccessful use of a PDE5 inhibitor, or having taken other agent(s) in a clinical trial within 30 days were also excluded. Concomitant use of another ED treatment was forbidden.
Outcome measures
The primary efficacy variable was the change in the EF domain scores of the IIEF questionnaire from baseline, calculated by comparing total scores from questions 1-5 and 15 from the IIEF questionnaire (14) .
Secondary efficacy measures included changes in questions 2-5 of the Sexual Encounter Profile (SEP2: Were you able to insert your penis into your partner's vagina?; SEP3: Did your erection last long enough for you to have successful intercourse?; SEP4: Were you satisfied with the hardness of your erection?; SEP5: Were you satisfied overall with this sexual experience) from baseline, changes in other domain scores of the IIEF from baseline, change in scores of the IIEF questions 3 and 4 (IIEF Q3, Q4) from baseline, patient responses to the Global Efficacy Assessment Question (GEAQ: Has the treatment you have been taking during the last 4 weeks improved your erections?), and the number of subjects whose EF domain score at the 8th week visit was ≥ 26.
Adverse events (AEs) were classified as undesirable and unexpected signs, symptoms, diseases, and accidents arising after administration throughout the study period. Safety assessments included laboratory tests (hematology, clinical biochemistry, blood coagulation test, and urinalysis), vital signs (blood pressure and heart rate), physical examination, 12-lead electrocardiogram recordings, and patient reports of AEs.
Safety evaluation
AEs and adverse drug reactions: Differences between the placebo group and the avanafil groups were compared using χ 2 or Fisher's exact test. AEs reported in study subjects are presented according to the World Health Organization (WHO) Adverse Reactions Terminology (WHOART) system organ classes. Adverse drug reactions related to the investigational product were compared using the same method.
Statistical analysis
For randomization, the 'proc plan' procedure in the SAS software (ver. 9.1; SAS Institute, Cary, NC, USA) was used. Using a block randomization method, subjects were divided randomly into avanafil 50, 100, and 200 mg and placebo: 4 groups in a 1:1:1:1 ratio. Regarding the definition of the evaluation population, the maximum efficacy evaluation population included subjects who satisfied the inclusion criteria, took the investigational product at least once, visited the hospital after taking the investigational product, and who provided results for the efficacy evaluation. The safety evaluation population consisted of subjects who made a visit after taking the investigational product once or more and who provided follow-up safety results.
To evaluate initial comparability, discrete variables were compared using χ 2 tests or Fisher's exact test, and successive variables were compared using analysis of variance (ANOVA) or the Kruskal-Wallis test.
The efficacy evaluation was performed using each of the following methods. Analysis of covariance (ANCOVA) was used to check whether there was a difference between 2 groups in changes of all domain scores in IIEF and success rate in SEP Q2-5. The differences in GEAQ and normal erectile function (IIEF-EF domain score ≥ 26) between groups were analyzed by χ 2 tests. The efficacy results were analyzed using Dunnett's or Bonferroni's multiple comparison tests to check whether there was a significant difference between the placebo group and the avanafil groups. All statistical analyses were performed at a significance level of 5% and a test power of 80%, and were 2-sided.
The number of patients evaluated in this study was based on the results of a phase II clinical study involving Westerners (15) . The number of subjects was calculated on the assumption that the avanafil 100 mg group would differ significantly in the EF domain. Considering the results of the Western study, the difference between the placebo group and the avanafil 100 mg group https://doi.org/10.3346/jkms.2017.32.6.1016 was fixed to 5 and standard deviation was fixed at 7.5. As a result, each group needed 36 subjects. However, the actual groups contained 40 subjects and the target number was fixed to 160, considering drop-outs. The α-error was 0.05 (2-tail test) and the β-error was 0.2.
Ethics statement
This multi-center, prospective, randomized, double-blinded, placebo-controlled, therapeutic exploratory clinical study was conducted at 8 centers in Korea in accordance with Good Clinical Practice (GCP) and International Conference on Harmonization guidelines (ICH), and was consistent with the ethical principles of the Declaration of Helsinki. Forms of the documents related with this clinical study, i.e., the study protocol and the informed consent form, were all reviewed and approved by Institutional Review Board of Pusan National University Hospital (No. PNUH 2007111). Written informed consent was obtained from each patient prior to randomization. The present clinical trial was registered at www.ClinicalTrials.gov (Identifier: NCT-02477436).
RESULTS
Demographics
Of the 160 subjects, 158 were included in the intent-to treat (ITT) population and 137 subjects were included in the per protocol (PP) population, which were used for analyses of efficacy parameters (Fig. 1B) . The mean patient age was 56.4 ± 7.8 years. At baseline, no clinically or statistically meaningful difference was found between the treatment groups with respect to demographic or clinical variables (Table 1) .
Primary efficacy outcome variables
EF domain in IIEF questionnaire
The change from baseline in total EF domain scores in each dosage group was statistically significant (P < 0.001). In multiple comparisons, the dosage groups except for avanafil 50 mg differed significantly from the placebo group (Table 2) .
Secondary efficacy outcome variables
IIEF domains other than EF
IIEF domain scores were similar at baseline, but the avanafil groups had significantly higher endpoint IIEF scores across all There were no significant differences between the groups in all parameters. SD = standard deviation, ITT = intent-to-treat, Min = minimum, Max = maximum, ED = erectile dysfunction, EF = erectile function.
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IIEF domains compared with the placebo group ( Table 2) .
IIEF Q3 and Q4
The change from baseline in IIEF Q3 scores in each dose group was statistically significant (P < 0.001). In multiple comparisons, all dose groups of avanafil differed significantly from the placebo group (Fig. 2A) . The change from baseline in the score of IIEF Q4 in each dose group was statistically significant (P = 0.008). In multiple comparisons, avanafil 200 mg differed significantly from the placebo (Fig. 2B) . SEP 2-5 SEP 2 success rates were 66.4%, 81.7%, 86.5%, and 93.5% for the placebo, avanafil 50, 100, and 200 mg, respectively. The change from baseline in SEP 2 success rate in each dose group was statistically significant (P = 0.001). In multiple comparisons, avanafil 100 and 200 mg differed significantly from the placebo (Fig. 3A) . SEP 3 success rates were 41.9%, 34.3%, 56.3%, and 64.1% for the placebo, avanafil 50, 100, and 200 mg, respectively. The change from baseline in SEP 3 success rate in each dose group was statistically significant (P = 0.002). In multiple comparisons, avanafil 200 mg differed significantly from the placebo (Fig. 3B) . The changes from baseline in SEP 4 and 5 success rates in each dose group were statistically significant. In multiple comparisons, avanafil 200 mg differed significantly from the placebo.
GEAQ
GEAQ improvement rates for the placebo, avanafil 50, 100, and 200 mg were 38.5%, 55%, 75%, and 89.5%, respectively. The dosage groups except for avanafil 50 mg differed significantly from the placebo in multiple comparisons. 
Ratio of normal EF
The total score of the EF domain at completion of administration was classified as 'normal' for ≥ 26 and 'abnormal' for < 26. The ratios of normal EF for the placebo, avanafil 50, 100, and 200 mg were 20.5%, 20.0%, 40.0%, and 59.0%, respectively. Avanafil 200 mg differed significantly from the placebo (P = 0.001).
Safety and tolerability
In total, 159 subjects who took at least one dose were included in the safety analysis of avanafil. Most AEs were mild in severity, and no serious AE was reported during the study or follow-up period (Table 3) . No clinically significant changes in laboratory tests, electrocardiogram, or blood pressure were observed in either group.
DISCUSSION
Currently, the basis of ED treatment is PDE5 inhibitors (7). Since the development of sildenafil, PDE5 inhibitors have been used as the first-line treatment for ED, regardless of the cause (6) . There have been many reports of using PDE5 inhibitors to treat various types of ED and varying degrees of ED (8) . Although PDE5 inhibitors are efficacious for the treatment of ED, high rates of treatment discontinuation have also been reported, ranging from 14.0%-80.4% (16) . Reasons for treatment discontinuation include lack of efficacy, AEs, fear about AEs, an unnatural forced druginduced erection, and the inconvenience of waiting for the drug's onset of action (17) . If first-line ED therapy, such as PDE5 inhibitors, is not sufficient for patient satisfaction, a second-line therapy is needed. The most commonly used second-line therapy is intracavernous injection (7, 18) , which has a success rate of -70%-85% (18) . However, poor treatment compliance and ensuing high dropout rates (41%-68%) have been reported (19, 20) . Thus, there is a continuing need for the development and improvement of new PDE5 inhibitors for ED. One reason for reduced therapeutic efficacy of oral PDE5 inhibitors is that patients do not adequately follow the medication counseling, such as drug dosing time; another is that some patients are overly concerned about side effects that may occur when taking the medication (21) . Given this, avanafil may reduce the inconvenience regarding dosing time because its onset of efficacy is very soon after administration, and it is also advantageous in terms of side effects due to its high selectivity for PDE5 (10, 11) . Based on our results, we recommended taking the trial drug, avanafil, 30 minutes before sexual intercourse, which leads to a significant improvement in EF in terms of the primary and secondary outcomes. However, in previous studies with other PDE5 inhibitors, the study drug was usually taken 1-2 hours before attempting sexual intercourse (8) . In a previous study, Mulhall et al. (12) reported that for all time intervals from dose to sexual attempt (15 minutes or less through > 360 minutes), the avanafil group had significantly higher proportions of successful responses in terms of vaginal penetration (SEP2), intercourse (SEP3), and overall sexual experience vs. the placebo. In particular, after dosing with 100 or 200 mg avanafil, 36.4% of sexual attempts (SEP3) at 15 minutes or less were successful vs. 4.5% for the placebo. Of all attempts made from 16-30 minutes and from 31-60 minutes after dosing, SEP3 success rates for the avanafil groups were 30.2% and 29.5% vs. 7.7% and 11.3% for the placebo, respectively. These results are consistent with the results of the present study, where patients experienced significant improvement in EF when taking avanafil 30 minutes prior to sexual activity. As summarized in Table 3 , avanafil treatment was well tolerated with no major differences in the incidence of AEs leading to discontinuation between the avanafil and placebo groups. The reasons for drop-out in some patients in this study were withdrawal of consent, visit window violation, and non-compliance (no or insufficient number of sexual attempts).
One of the goals of the present study was to select the most appropriate dose among the 3 treatment options of avanafil. The results revealed that 100 and 200 mg avanafil both differed significantly from the placebo in almost all measures. Moreover, avanafil 100 and 200 mg did not differ from the placebo in terms of AEs, abnormal changes in clinical laboratory values, or changes in vital signs. However, in the case of avanafil 50 mg, we did not find a significant improvement compared with the placebo in the EF domain in the IIEF questionnaire, IIEF Q4, SEP2-5, or GEAQ. Except for our study, Goldstein's study (10) was the only clinical trial that evaluated the efficacy of avanafil 50 mg. They reported that following 12 weeks of avanafil treatment without food or alcohol restrictions, significant improvements in sexual function were observed with all 3 doses of avanafil compared with placebo. However, the 50 mg dose was inferior to the 100 and 200 mg doses, while the efficacy of the 100 and 200 mg doses was similar. Wang's study (22) , which meta-analyzes 5 randomized controlled trials, including Goldstein's study (10) , suggests that although all doses of avanafil are effective, practitioners should treat ED patients with avanafil at a starting dose of 100 mg, and then adjust the dosage on demand taking both effectiveness and safety into consideration. Based on the results of these clinical studies, the optimal doses of avanafil appear to be 100 and 200 mg in Korea and other countries. Because avanafil is the most recently developed PDE5 inhibitor, relatively few clinical studies have been conducted on it. The present study was a multi-center study investigating the efficacy and safety of avanafil in the treatment of Korean patients with ED.
Although the findings of this study suggest that avanafil is absorbed rapidly with a fast onset of drug action and has acceptable efficacy and safety, some limitations should be noted. First, due to sociocultural differences among various populations with different ethnic origins, the efficacy and safety profile of avanafil observed in this study, which included Korean patients only, may differ somewhat for other ethnic groups. Second, because our patients were only enrolled at tertiary care centers, it could be argued that the findings only reflect the efficacy of avanafil in a select group of patients being managed by tertiary specialists. Third, the present study was designed to have a relatively short period of treatment: 8 weeks. Long-term data are therefore needed, as in other PDE5 inhibitor studies. A final limitation is that this study did not have a crossover design. In this study, the efficacy of avanafil was not assessed according to ED severity. Future studies of avanafil should also include difficult-to-treat patients with ED, such as those with diabetic ED and ED after prostate cancer surgery.
In conclusion, avanafil, taken as needed 30 minutes before sexual activity during an 8-week period, yielded significant improvements in EF, as measured by the IIEF, SEP, and GEAQ, in Korean patients with ED. Avanafil 100 and 200 mg yielded significant improvements compared with the placebo in most measures of efficacy. In terms of safety issues, avanafil 50, 100, and
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